Five erythrocyte species: horse, goose, chicken, guinea pig and human were used to agglutinate avian influenza H5N1 viruses by hemagglutination assay and to detect specific antibody by hemagglutination inhibition test. We found that goose erythrocytes confer a greater advantage over other erythrocyte species in both assays. led to an application of various techniques to diagnose the disease. On the isolation technique, influenza virus progenies released from the infected cells are primarily recognized by hemagglutination (HA) test. In addition, HA is employed to quantify the amount of hemagglutinin antigen used in hemagglutination inhibition (HI) assay (7). Importantly, the World Health Organization (WHO) has specified the presence of horse erythrocytes HI titer > 160 in adjunct with microneutralization (microNT) antibody titer > 80, in a single serum collected at day 14 or later, as one among other criteria for an H5N1 confirmed case (8).
followed after what had been described previously (6, 7) . A reaction well, consisting of 50 µl of diluted virus and 50 µl of erythrocyte suspensions, was incubated for one hour at 4 o C before the agglutination pattern was read. One HA unit is defined as the highest virus dilution, which yields complete HA.
The experiments demonstrated that 13 of 14 H5N1 isolates could agglutinate erythrocytes from all five species with statistical difference in extent of titer (Friedman test; p < 0.05).
Interestingly, an isolate from clouded leopard could not agglutinate horse erythrocytes ( Table   1 ). The result was consistent as repeatedly tested with erythrocytes from three donors within one species. Goose erythrocytes yield the highest HA titer followed in order of sensitivity by chicken, guinea pig, human and horse erythrocytes (Wilcoxon's signed-rank test; p < 0.005).
Hemagglutinin amino acid sequences of our H5N1 isolates were compared with those of A/goose/Guangdong/1/96 (the ancestor), and with Hong Kong virus 1997 (5, Figure S1 ). No change in RBS was found, except an isolate: A/Thailand/676(NYK)/05 which contained a mutational change A134V in RBS. However, this mutational change did not relate to erythrocyte binding preference. It is to be elucidated why the isolate from clouded leopard could not agglutinate horse erythrocytes whilst there was no change in RBS and no difference in the deduced amino sequence of hemagglutinin. Receptor specificity of influenza viruses is influenced by both the galactose linkage and species of sialic acid: N-acetylneuraminic acid (NeuAc) or N-glycolylneuramic acid (NeuGc). Horse erythrocytes contained only NeuGcα2,3Gal (1, 3) . Therefore, loss of the ability to agglutinate horse erythrocytes may be related to losing ability to recognize either NeuGc or galactose linkage (1, 3).
The study of human influenza H1N1 and H3N2 viruses showed that all six isolates could not agglutinate horse erythrocytes (Table 1) The results demonstrated that horse erythrocytes, which was the least sensitive in HA, gave the highest geometric mean titer (GMT) of antibody when A/Thailand/1(KAN-1)/04 was used as the test antigen (Wilcoxon's signed-rank test; p < 0.005). Goose erythrocytes came at the second rank followed by human, guinea pig and chicken erythrocytes. In contrast, when A/Thailand/676(NYK)/05 was used as the test antigen, goose erythrocytes
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on October 16, 2017 by guest http://jcm.asm.org/ Downloaded from yielded the highest GMT followed in order by chicken, horse, human and guinea pig erythrocytes. However, statistical significant difference was not found (Wilcoxon's signedrank test; p > 0.005) ( Table 2) . Collectively, the level of HI antibody titer was dependent on both the erythrocyte species and the test antigen used. We also showed that HI is more sensitive for strain differentiation than microNT.
Our study proposes that goose erythrocytes confer a greater advantage for recognition of H5N1 viruses and HI antibody assay. Whether this finding is also generalized for H5N1 clade 2 viruses need to be investigated. 
